Abstract:Within urban areas humans carry out a great diversity of activities, and some of them require the use of vehicles. Floods, especially in urban areas, can generate significant tangible direct damages to vehicles themselves and to the urban elements in case of loss of stability and collision, which cannot be dismissed. In this paper, after a state-of-the-art review on damage curves for vehicles, a methodology to assess the direct economic impact for vehicles exposed to flooding has been described, and applied within a study carried out in the framework of the BINGO H2020 EU Project. Only three different studies focused on damages to vehicles in contact with floodwater have been found. Contrasting damage curves for vehicles are found when comparing the three approaches, however theones proposed by the USACE offer a high level of completeness and accuracy. Moreover, USACE's development is the most current research and all the steps for the development of the damage curves are comprehensively described. Finally, after the description of a detailed methodology for flood damage mapping for vehicles, a procedure to evaluate the Expected Annual Damage for vehicles is offered.
Introduction

1
During anextreme flood event, mainly in urban areas,vehiclescan suffer hydroplaning or instability due to 2 three types of phenomena: floating, sliding or toppling (Shand et al. 2011 ). However, the most frequent 3 are the first two and for most cases the instability occurs as a combination of both, floating and sliding. 
26
Nonetheless, also indirect tangible damages (like loss of production) due to traffic disruption can be 27 produced. Costs associated with traffic disruption are an often overlooked indirect impact of flooding 28 3 (Hammond et al. 2015) .Furthermore, vehicles do not need to become unstable to suffer economic 29 damages, because even if they do not reach the instability threshold, will be partially flooded, resulting in 30 economic costs that cannot be neglected.Some US entities such as the National Auto Auction Association
31
(NAAA, n.d.) conduct studies to detect when a vehicle being offered for sale was actually damaged by a 32 flood.
33
In this paper, a methodology to assess the direct economic impact for vehicles exposed to 34 flooding is described. Firstly, an overall description of traditional flood damage assessment in urban areas 35 is presented, together with a review of the existing flood damage curves developed for vehicles.
36
Subsequently, a description of the case study where the assessment has been conducted is presented, as 
Criteria for direct flood damage assessment in urban areas
42
Flood damage assessment is one of the major concerns after a flood occurs, especially when it comes to 43 flash floods striking urban areas. Usually, most studies undertaking this assessment focus on damages to 44 properties, and the basic tool to carry out this task is the so-called flood damage curves or functions.
45
The pioneer in considering damage to properties was Gilbert F. White (1945) 
120
The implemented flood damage curves for vehicles were developed by considering a gradual damage due 121 to the water level. That is to say, whereas for 30 to 60 cm (1 or 2 feet) of water depth damages to the 122 vehicle are unlikely, a total damage will be caused when the engine compartment will become totally 123 submerged. Moreover, an early warning system is considered to avoid the damage completely because the 
U.S. Army Corps of Engineers Criterion 157
The US Army Corps of Engineers (USACE) conducted a specific study for the development of damage 
169
Ultimately, the purpose of the memorandum is to provide guidelines for the generic use of damage curves 8 developed for flood risk management studies requested by the USACE. These curves will be normally 171 used in studies for urban flooding since in rural areas the density of vehicles is not considerable.
172
There are two methods to apply these curves, the first focuses on vehicles parked in residential locations 
4.
Badalona case study (EU project BINGO)
186
The case study to undertake the flood damage assessment to vehicles is located in the 
224
In this section, a methodology to assess damages to vehicles exposed to flooding is proposed and 225 implemented to the case study of Badalona. To do this, GIS tools, damage curves for vehicles and water 10 depth maps were required as starting information in order to estimate the economic impact on vehicles.
227
According to 2D hydrodynamic outputs, in this section damages to vehicles are estimated for floods 228 related to four return periods (i.e. 1, 10, 100 and 500 years). 
249
The USACE proposal, based on an empirical approach, is the most current research and all the 250 steps for the development of the damage curves are comprehensively described. For those reasons, 251 together with the availability of damage curves for five types of vehicles (sedans, pickups, SUVs, sports, 252 mini vans)( Figure 1c and Table 2 ), these curves were considered the most adequate to be adopted in this 253 case study. On the other hand, the fact of the damage being expressed as a percentage makes that these 254 curves can be transferred and applicable to other countries, taking into account the local price of vehicles. 
260
In order to be applied, these damage curves, according to the methodology herein employed, 261 must be modified from % damage to euro over square meter of affected area. According to the data 262 provided by the Badalona City Council, 85% of registered vehicles in the municipality are Sedan style, 263 and the rest 15% is formed by trucks and vans. In accordance with these percentages, the 15% of vehicles 264 different from sedan style has been divided into five types of vehicles (Table 3) 
351
On the other hand, both approaches (i.e. complete and distributed) werefirst applied only to the 352 eight analysed zones (Figure 6 ) for validation purposes, thus both damage estimations might be 353 compared. In this manner, the distributed approach, in case the comparison offers adequate results (i.e. 354 small differences, considering the complete approach as the correct one),may be validated. In Table 5,   355 both economic assessments are shown together at each analysis zone only for a flood related to a return 356 period of 500 year, and a proper match can be observed. Furthermore, in Figure 11 it is observed that the 357 tendency of damages is quite similar. Therefore, the distributed approach was considered to be 358 appropriate to estimate damages to vehicles for all the municipality. 
360
The distributed approach was conducted for all considered events (i.e. 1, 10, 100 and 500 years of return 361 period), thus, damage maps can be performed (Figure 13 ). Through these maps the critical areas regarding damages to vehicles can be spotted easily, even for non-experts.
363
Once the damage is estimated for the flooded area and for all return periods considered, the 
384
In Table 6 the economic damages related to their probability of occurrence for 1, 10, 100 and 399
In order to conduct the damage assessment for all return periods it was considered a minimum 400 limit of 500 € to be claimed for each average plan area of a vehicle (i.e. 7.51 m 2 according to Table 3 ).
401
This assumption means that a vehicle's owner will not claim an amount lower than 500 €. It is consistent 402 with the analysed real claims for the 1999 flood event, where only 5% of claims were lower than 500 €.
403
Even considering this assumption, as observed, the damages assessed are higher than the 2015) because they were low (even higher than 500 €), or they were not aware that they could be 410 compensated. Similar situations are observed elsewhere: in a study undertaken in the US 411 (Cummins et al., 2010) , it was found that for several natural hazards, the ratio between insured 412 and total losses was on average smaller than 50%.
413
 The spatial distribution of the rainfall is essential when assessing damages for a larger area such 414 as the municipality of Badalona. 
